Objectives-To determine whether blurred vision caused by exposure to triethylamine (TEA) can be detected by the measurement of contrast sensitivity. Methods-41 cold box core makers of three foundries and 82 control workers were examined. A detailed ocular and medical history was obtained from the subjects. The contrast sensitivity of the core makers was measured on Monday and Friday of the same week both before and immediately after work and also on a third day, when air samples of TEA were collected. Contrast sensitivity and visual acuity were measured by optotype figures at full contrast, 2.5% contrast, and 0.6% contrast. The changes in contrast sensitivity were used for the analysis. The results of binocular vision and the results of the dominant eye were analysed. Urine specimens for the analysis of TEA were collected on every occasion when contrast sensitivity was measured. Results-78% of the core makers had had symptoms of blurred vision, and 31% had had trouble driving or working. The breathing zone eight hour time weighted average TEA concentrations were 0.3-60 mg/m'. The mean urinary TEA concentration after the shift was 35 mmol/mol creatinine.
determine whether blurred vision caused by exposure to triethylamine (TEA) can be detected by the measurement of contrast sensitivity. Methods-41 cold box core makers of three foundries and 82 control workers were examined. A detailed ocular and medical history was obtained from the subjects. The contrast sensitivity of the core makers was measured on Monday and Friday of the same week both before and immediately after work and also on a third day, when air samples of TEA were collected. Contrast sensitivity and visual acuity were measured by optotype figures at full contrast, 2.5% contrast, and 0.6% contrast. The changes in contrast sensitivity were used for the analysis. The results of binocular vision and the results of the dominant eye were analysed. Urine specimens for the analysis of TEA were collected on every occasion when contrast sensitivity was measured. Results-78% of the core makers had had symptoms of blurred vision, and 31% had had trouble driving or working. The breathing zone eight hour time weighted average TEA concentrations were 0. mg/m'. The mean urinary TEA concentration after the shift was 35 mmol/mol creatinine.
Continuous monitoring showed high peaks of TEA leakage at a core making machine. Changes in binocular visual acuity did not differ between the exposed and unexposed workers. The contrast sensitivity of the core makers decreased significantly at both 2.5% and 0.6% contrast during the working day. In the binocular measurements at 2.5% contrast, sensitivity decreased in 49% of the core makers and 21% of the controls (P=0.002). Conclusions contrast sensitivity examination in evaluations of toxic symptoms of the visual system.
Materials and methods

DESIGN OF THE STUDY
All workers making cold box cores in three foundries were examined. Two controls were selected for each core maker. One of them did other foundry work that was not prone to exposure to TEA and the other did industrial assembly work without exposure to chemicals or dust. The groups were matched by sex and age. Participation was voluntary, but all the workers agreed to participate. Written informed consent was obtained from each participant.
Contrast sensitivity was examined on Monday and Friday of the same week in the morning before work and in the afternoon immediately after work. Also the contrast sensitivity of the core makers was measured on another day when the measurement of the concentration of TEA in the air was carried out. Personal breathing zone and stationary air TEA samples were collected in each foundry. Also, continuous monitoring by an infrared analyser was carried out in the foundries. All the people working on the days of the measurements took part in the study.
The TEA concentration of urine specimens was used as an indicator of exposure to TEA.
Urine samples were collected from the core makers on every occasion that the contrast sensitivity was measured. Random urine samples were collected from the controls to verify that they were unexposed to TEA. Visual acuity and contrast sensitivity were tested with test charts based on the numerals 5, 6, 8, and 9 with five numbers in each row of the charts in an 0.1 log scale at full contrast, 2.5% contrast, and 0.6% contrast (Precision Vision, Villa Park, Illinois, USA). The chart was read from a distance of 4.0 m. Visual acuity was defined at each level as three or more correct responses out of five.
Only subjects with binocular visual acuity of 1.2 or better and monocular visual acuity of 1.0 or better were accepted for the contrast sensitivity measurements. Six of the core makers and eight of the controls did not meet these requirements. No subjects were accepted with contact lenses. One core maker and one control wore contact lenses.
The measurements were conducted by occupational health nurses. Contrast sensitivity was examined in the morning before work and in the afternoon immediately after work. The change between the morning and afternoon visual acuity values was used in the statistical analysis. The results obtained from the binocular measurements and from the measurements of the dominant eye were included in the statistical analysis.
The examinations were conducted in five separate places, under typical room illumination with no daylight and no sources of glare. Contrast sensitivity charts were illuminated by Philips TLD 36W/33 fluorescent lamps with asymmetric reflectors. Luminance was measured at six points of the white surface of the chart by a Minolta luminance metre and adjusted to be between 120 and 150 candelas per metre squared (cd/m2).
HEALTH QUESTIONNAIRE AND OCULAR SYMPTOMS
The ophthalmological and general health status of the subjects was obtained in a face to face interview with the occupational health nurses. The interview was based on a questionnaire. The subjects were asked about previous ocular diseases and accidents and their use of spectacles and contact lenses. They were also asked about previous and present medications as well as systemic diseases. The subjects were asked to describe any eye symptoms that had occurred during the previous 12 months. They were also asked if the symptoms occurred during their work, maintenance activities, or breaks in their work. Finally they were asked if their symptoms were the same as those previously described as typical.' EXPOSURE In the assessment of exposure to TEA urine and air samples were analysed by gas chromatography according to principals described by at high contrast were close to the results at 2.5% and 0.6% contrast. The number of the core makers with symptoms of blurred vision during the measurements was too small for statistical analyses, but four people out of six had deteriorated vision at 2.5% contrast. The changes in visual acuity at 2.5% contrast differed significantly between V core makers without symptoms and the controls. This suggests that core makers had a decrease in contrast sensitivity more often than they had symptoms. Blurred vision was common among core makers. Visual disturbances interfered with working, driving, and reading of almost one third of the subjects. Although there was no evidence of permanent damage to the eyes or visual pathway, the problem is notable from the personal and community point of view.
The median visual acuity values of the groups were equal in most measurements, but the 0.25-0.75 quartiles differed in some measurements. Apparently the effect of exposure to TEA is not sufficient to become evident in comparisons of the medians of visual acuity. Therefore, the difference between the morning and afternoon measurements was used for the analysis. The differences in binocular visual acuity at high contrast were equal among the core makers and the controls, but at 2.5% and 0.6% contrast the groups differed significantly both in the binocular measurements and in the measurements of the dominant eye. The subjects considered the contrast sensitivity measurements at 0.6% contrast to be difficult, and the differences were not as evident as at 2.5% contrast. The results of the dominant eye Conclusions Blurred vision during exposure to TEA can be documented by contrast sensitivity measurements. Contrast sensitivity testing proved to be of value in measuring toxic effects on the eye. The results of contrast sensitivity measurements in this study did not show the mechanism causing the symptoms. Therefore, the mechanism should be studied with more complex methods of testing contrast sensitivity or new methods of ophthalmological examination of the eye. 
